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MATEXIA.LSACCOUNTIM AND I~TIONAL
SAFEGUARDS FOE ~X FACILITIES*

K. K. S. Pillay, R. R. Picmrd, and J. F, FIafer
Los Alama National ~boratory

Los Alamu, &W FFMXiCO, USA

our expgrionca with ❑ ixed oxido (MIX) fual
fabrication facilitica loads ua to concludo thmt
tharo is inadsqumto guidanco ●vailabla to plant
and procssc dssimors to -ke -torials ●ccounting
syst~m timmly, ●fficiant, and ■inimally intru-
aiw. A wmll dasignod stats systam for ●ccounting
●nd control of nuclaar -torials would b. bonafi-
cial to plant operations ●nd verification by tht
[ntomational Atomic En@rgy Agency (IAC.A) or stat-
regulatory agancict. bng tho difficult account-
ing problm that ●riaa in ● largs-scalo F~X fa-
cility ● ra tha following: (~) procms stops (such

●s tho blending and splitting of powdors) that
raquira tho accounting system to trick -tarial
flow, calculats quntitios basad on pravioua maas-
uramnts, ●nd propagat@ uncartalntl@s ●s part of
data ●nalysis; (2) ●xtansiva buffar Otoraga aroafi
involvin~ long rasidonco times that nocaasitata
frcquont corrections for wtarial 10CS from radio-
●ctlvo decay; ●nd (3) facility ●ccounting ●t on@
IOVQ1 (for ●UPIQ, fwl pins) th.st wst b. rocon-

cil~d with verification masuramsnts at miothor
10VV1 (for ●mmplc, pin trays or ●ammblicc).

Approachta to addressing thasc problamm includo
dosiSnin8 ● s~cial facility, simlating material
flow, davoloping softwaro for naar-real-tima mta-
riais ●ccountant, ●nd cstabllthin~ achiavabla ver-
ification goals. This papar ●laboratas on thcso

problams ●nd prcposas approachaa to ● mtorials
accounting oyotem design that conolders facility.
-tat., ●nd IAEA aafoguards ●nd v~rification obje:-
tivos.

1. ImowIcH

Uldospr@ad USQ of plutonium in conmmrclal

fuel cyclac is ●n lntornatlonal safogu.ards con-
cQrni Although prtsant U.S. policy 1s to d~fcr

lnd~flnitcly ths comarc!al uso of plutonium, a
numhr of nations have opt-d othorwisa. Mix@d
uranium-plutoni~ ornldt (*HOX) fwls ●rc now usad
in light-wac~r reactors (LWRS) and llquid-matal

—— ——-.—-- —–
*work ~upportad by the U.S. Department of Ermrgy,

Offico of Safo~~Lards and S*curltyi

fast-brtsdar r-actors (MFBRs) in France, West
Germany, ●nd Japan. Tho U.S., U.S.S.R., and U.K.
hava uaad MOX fwls for nearly thraa dgcadaa in
axporimntal IHFBRs. The U.S.S.R. tua several

fast brsadsr raactors h op9ration ●nd sovoral
rnrc und~r construction. In ●ddition, Argmtina,
Brazil, India, Italy, ●nd Switsorlmd hMV9 ●ctiV6

programa for recycling plutonium in LWRS ●nd
lHFBEs.1

T!w incroasin~ ●vailability of aaparatcd plu-
tonium to mat c-rcial n@cd@ roquiroa strin-
gant safquards not rcquirad ~f M fuel Cyclta.i
Arms of concorn a~cific to M fwla ara
(1) transportation ●md Storag@ of Saparatcd plu-

toni~, ~X, and f-l ana~lica~

(2) activicios at bulk handling facilitiw whars
mixsd oxidas ar~ procasmd ●nd fabricated
into pollots or ●sac-liaa or both; ●nd

(3) managwnant of ●pant WX fuml when discharged
from roactorn.

Of thass ar~ac, tha first is largely a mttgr of

physical protoctlon and th~ third ●mpbasisas the
prouent limitations of nasuramant and a~nt fwl

managornnt tachnoloniac. In only tha second ●rea,
bulk handlln~ ●ctivities, doaa mtOri~lS account-
ing play ● major rola.

During th~ past k yams, tho Safo uards Sys-
itams Croup at Los Alma hss ?xamincd3- Mtarials

accounting lssuoa for ~X fu~l fabrication facLl-
ltlas. ~is ~-ination lnvolv,d ● ravlaw of cur-
r~nt industrial practicas, davolopant of th@or@t-

ical ‘Qaults for KUF-D (mtarlal unaccounted for
minus tha diffcranco statistic) rolovant to non-
standard sltuattoni, and aubaoquant ●pplication
to safo~uards myttma studios.

TtIis paper oddrossoa -torial~ ●ccounting ●t
Hox facillt{om und~r lnturnational safeguards.
IOSUQI dlicussad hara ara ralavant to ●ll modern
MDX facilltlos that cmblrm ro-to operations for
fwl fabrication ●nd near-real-tiw -torials ac-
counting, In tho next section, g~n~rlc isows ars

rcvlowod, Scctlon 111 lntroducss msth~~~icnl



TAJu 1. Dlctributlm of ?lutmi- Ulthtm W-2 AC In-tom Tfm
To placo pertinent issues in a mre concrete

setting, consider a process patterned after :he
Sacurs Autom’’tad Fabrication (SAF) line ●t Han-
ford. This facility was initimlly dmoigmd to

fabrictte MX fuels for the Fast Flu Test Facil-
ity ●nd future varsionfi of co-rci~l fast reac-
tors. Fual composition is roughly 35~ Pu02 with
65X U02, ●nd production invoiv~s a cold-press,
high-temparatura sintcring procosa. Figurg 1 de-
tails processing and material flows; ~re details

can bo found in Raf. 5.
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Fis. 1.
Flow of au.claar _t*rial ●cross tba MF-llm9.

Annul throughput for tha procosa is approx-

iuttly 2,5 Mt plutonium. Tha #afogwrds oy~tam
for tha MY-lint has thr~c -tcrials balanca areas
●s shown In Fig. 1. fio firtt and last ●raaa ln-
volw vault si’ora~o for faad ●nd product, r@spoc-
tlvoly, and MA-2 involvas ●ll process opcration~,
Tablo I slvas the typical mtorial distribution
at tho tim of materialt balanco cLoaints,

Tho standard daviation J(MJF) of tho fticll-
lty’s HllF roflocts tha cansltivlty of tha account-

ing systomo In large-scalo appLlcatlona, dorlva-
tlon of this quantity 1s nontrivial. ISSU9S to
b. accotmmdatad in a MOX ●nvlronmont includo tho
CollowlnC:

Wxllcm TatllPu

Oascripclon 0( It8u ,*>. of [cm (kc) (kI)

Rocyclo M (c8M) k 5.23 b.~al

m Pallota (bats) b> 1.147 15.928

m MIlac cOl- mo 0.172 15.92?

ma PQllota (ems) 13 1,373 23.891

m“ fwl pine Jm 0.172 15.927

rar fuel Uaellms h 17.J2h &6.083
Dirc~ scra~ (uau) 1 2.217 1.169

Umta (d-) 2 0.D7 o.ob3

laborator~ sqlos Z3 0.013 0.1!3

EOldu# (Scmay Stata) 2.8.60 0.’984

TOTAL PLIJ-rmIlm Hfuurm TI 124.707 kc

“Tut brmdor ructor.

(a) Corrsctiom for radioactive dacay. Pluto-
nium *ith high-r Lovols of 2h1Pu roquiros
●uch corractlon. Extonaiw bufiar atoraga
arcaa can lead to long rasidonc~ tirnc. Al-
thouJh tht dacay ?or ●ach itam in cacti ac-
counting pariod is SM1l rslativ~ to rnaa-
ure-nt uncortairity for the ltam, tho sum of
such wunts for Mny iteu ov~r scvoral
mnths can b- surprisingly larco relative to
verification conc~rna. If tho decay is not

carsfully quantified ●nd writttn off as an
output transfer, thera ia tho appaaranco of
protracted divarsion.

(b) Static calculation. Cmcrally s~aking,
itma residing in #torag@ ara not ranasurod
for ●ach ~ccount~nS period. Instead, tho
book valua for be8inning inventory 18 ●d-
justod for radioactive dacay, and tha result-
ing calculation is c~rricd in ●riding lnvan-
tory. TIM nat HW transaction, boginnin~
lnvcntory minus dacay ■inus ●riding inventory,
is ●~ctly aoro. As such, tha transaction
has no offact of HUF or LCM.W (limit of ● rror

of MlJr). Tharo ● ro numeroue static culcula-

tiona for a larto-sca.s fccility,

(~) hltlpl~ US@ Of lndlvldual masura~nt va~-
U*8. Not uniqu~ to MOX facilitlos, usc of ●

glvan Masuroment in tho accountability
ValUQS for aovarsl itma ofton occurs. Nor-
mal proca~c oparationa laad to itms being
comblrmd, such ●s in blondlng virtin faod
with rocyclo matorlal, and to itoma bain-
spilt, such a- in distributing the contants
of ● contain.r 01 sra9n pcilats into acveral
sinterll}g boats. Bulk sampllng ●nd diract

measurement of theso mattriaLs arc ofttn im-
practical, and pro-ratinc with wight maas-
ur~ments la frcquantly usad, In such cases,
t!w accounting #y#tam must track tht matsrial
flow a-d calculata concentrations frum avail-
ablo data.



L (d) Other issues. Sampling ●rrors can be impor-
tant, especially for batch concentraciona.
Ability to deal with frequent instrwnent re-

calibration, use of nominal valuea pending
receipt of results from the analytical labo-
ratory, and so on is also required.

(e) Calculations for sequential testing. Given
information for det~rmination of a single
period’s u(flUF), that information can be com-
bined with similar information from preceding
perloda to calculate the covariance matrix
for ● MUF sequence and the usual sequential
testing procedurern (see Refs. 7 and 8) can
be performed.

Acco~dating the a’~ove issues in a method-
ologically sound variance propagation require.

specialized software, such aa MAWST.9 ‘.EMUF can
be small ralative to throughput au a conaequance
of the number of static calculatior,a, the “clam”
fom of the material, and the high msaaurement
precision that ia attainable. For tho SAF-line

process described above, LEM’UFfor a 2-month ac-
counting period was roughly 2.1 kg of plutonium.

From an inspectorata’s standpoint, generic

verification iskues arise. Ideally, all items in
flUF are subject to inspection. In practice, thin
doea not occur. At ● minimum, write-offs for

radioactive dacay are unavailable for measurement.

In oth-r caaas, amounts of material can be ex-
tre~ly small reiative t~ the effort required to
meaaurt them, such as tha minor wasca straame or

sampLas in an analytical laboratory. In titill
other caaas, it may be difficult to arrange con-
venient measurement, such aa for items in a ●in-
te:ing furnace. Consequently, some daclarad val-
ues may simply ba accaptad.

Importantly, the standard deviation of tha
inspactorate’a MIJF-D greatly exceeds that of tha
facility’s MIJF for saveral reasona, including

(a) Leaa precise measurement procedures. Prac-
ticality dictates &reat reliance on nonda-
struclivo aasay (NDA) in ordar to give rca-
sonablo inspection covaraga ● t reasonabl~
coat. Although very good, NDA uncortalntias
can bo large compared to tha facility’s dc-
structivo methods,

(b) Static calculations. Whereas many calcula-
tions in the faclllty’s HIJF ● ro atatlc as

described ●bove, tha nocossity ●xista to in-
spect itama declared in static inventory,
Thsra La no reaaon, in principle, that mata-
rlal could not have been remmvod from such
items during tha accounting parlod, leaving
the book valuec effectively falsified. Con-
sequently, ● large number of ctatic items
contributing nothing to the facll(ty’n CI(MUF)
would contribute #ubstantlally to the ln#p~c-
torats’s u(MUF-D).

(c) [rispectlon resourcas, Evan for ths ldaal
cmaa in which ●ll items In the facility tra
Inspactad, IJ(PlllF-D) Crwatly excosda U(MUF)

for the two reaaonn above. Available re-
sources allow only SOUM i terns Lo be in-
spected, further compounding the situation.

For the SAF-line protean, u(MUF-D) exceeded U(KLIF)
by more than a factor of f!ve. Aa such, the sen-
sitivity of MIJF-D againat abrupt and protracted
falsifications is not nearly
the facility’s (unfalsified)
and protracted loasea.

111. HATENTICAL BMCCEOUND

To illustrate accounting
detail, so- review of formal

aa- good aa that for
MUF against abrupt

and verification in
uses of measurement

data by the facility operator and t~e inspector-
ate ia helpful. To quantify the impacts of vari-
ous activities on tho standard deviations o(MUF)
and u(?IUF-D), it is helpful to introduce nutrix
notation and reviaw some general theory.

Let the facility operator’a accowttabiiity
valuea that appear in f4UF be denoted by the vtc-
tor o, where

T
o = [O(BI)T I O(IT)T I O(OT)T I O(EI)T] ,

o(BI) ia the vector of ●ccountability values for
the items in beginning inventory, o(IT) is the
vector of ●ccountability valuea for thm items
transferred into the facility during the account-

ing period, o(OT) is the vector of accountability
valuaa for the items transferred out of the fncil-

lty during ths ●ccounting period, o(CI) ia tho

vector of accountability values for the items in
ending invtintory. ●nd the auporscript “T” denot~s
vector transposition. The term “accountability
value” refers to tho contents (usually plutonium)
of #n Lndividul item, ●nd the valua ❑ay result
from combining many individual wasurenwnts, such
J- waighta, c~ncontrations, and so on,

The facility’s MUF la then MU? . aT o, wh~re

,.
1

a. [S(BI)T I S(IT)T I S(OT)T I a(EI)Tl

■ [l(BI)T I l(IT)T I -l(OT)T I -l(EI)T] ,

and l[BI) donotcs ● vector with ●ll componentrn
aqual to on, and whoam dimeniion is compatible
with o(BI). The terms l(IT), l(OT), and l(EI)

are deflnod similarly. Should data Pal ~ification
occur, the facility’s ML’F is

MUF. ST IO+PI,

whore f contains the individual fdlsificatlon
amounts. [n partitioned form,

CT ■ [C(BI)T I f(IT)T I f(OT)T I f(E1)T

al~d ,’omponent# of f for unfalslfled items
zero,

b

equal 1



In order to dececc possible falsification of
data by the facility, an inspect orate independ-
ently mtasures i~ema reported in the facility’s
MUF. To develop results, consider the idealized
situation where all items are measured by the in-
spectorate, producing the vector of accountability
valL.s

iT . [i(BI)T I i(IT)T I i(OT)T I i(EI)T] ,

where i has the sam structure as the facility’s
declared values o. That is, the vector o - i

con”.aina the differences between the facility’s
and intipactiorate’s values tor all items in MUF.

Inspection scenarios, other thdtl the one
described, exist.ll Efficient inspection plane
have been developed5 for the SAF-line process
assuming so-called attributes and variables mas-
uremnts. In highly auto-ted facilities, how-
ever, attributes measurements can be impractical
when the time required to physically tranafer an
item from storage to measurement and bmck greatly
exceeds mmaauremant counting time. Destructive
maasuremants are genarally very ●xpensive and,
given the accuracies achievable with some Of the
new NDA, unnecessary on a routirle basis. Aa such,
we concentrate on the case in which only one type
of inspeccorate measurement is involved for each
item.

Because resources generally do not permit
inspection of all items in the facility’s MUF, m
statistical sample it obtained. Sampling cf items

in the four main categories--beginning inventory,
input tranaf~r, output cransfor, and ending inven-
tory--is done independently. Within each cate-
gory, there may ba subsempling, such am when be-
ginning inventory cormista of mutariai in ●ovoral
stora~e nreas and those ● raam are individually
monitorod. Fcr illustration, consider the simple
catia wharo random sample- of itemu in the four
catagotles ●re selected for inspection. Tht in-
apectorate measures n(BI) of the N(BI) items in
be~innlng inventory, n(IT) of the N(IT) items in
input transfer, n(OT) of the N(OT) items in output
tranofer, and n(EI) of tho N(EI) i.ems in ending
invuntory. Resulca are sunznarized by the 2 sta-
tistiq, whera

D ●N(BI;i(BI) + N(IT)d(IT) - Nib

- N(EI)6(EI) ,

d(E!I) denotes the ●verage dlfferonc-, facility
value ❑inu8 inspactorate value, of inspected
!cemfl in bmsinnlnq inventory, ●nd oimilarly for
d(IT), d(OT), and d(Ei)i

The D atatitttc ●otimetes total falciflca-
tion. For example, tha ●verage d(Bl) entimates
tha ●verage falsification par item In beginning
inventory, and multiplylne by N(B[) extrapolates
thlc avora~e to the total inventory. TO develop
propartias of D, it is usofui to write D ●

ST[o ● f - i], whera o + i is the vector of tha
faclllty’m daclared values, i la tho vsctor of

inspectorate’s values were there to be 100%
spection, and ● reflects the sampling of items
the inspectorate. In partitioned form,

.T = [S(BI)T I S(IT)T I S(OT)T I n(EI)T]

n-
by

where dimenaiona of s(BI), and so on are compat-
ible with o and 1. The jth clement of s(BI) is,
for simple random ssmpling of iteme in beginning
inventory,

[m(BI)]j - [Non] times the jth element of
z(BI), if the jth item in beginning
inventory is inspected, and

= 0, if tha jth item is not inspected.

Tha tenma s(IT), s(OT), and s(EI) are defined in
similar faahion.

Lastly, let l., Xi, and la denote the covar-
iance -tr~ces of o, ~, and s, respectively. [t
can be shown10 that tha variancms of the facil-
ity’m MUF and tho inspectorite’s HLJF-D ●re

[U(MUF)]2 = ZT ~ Z
o

(1)

and

[o(MtIF-D)l = ST Ei a + (tr ~~to + tr ZgXi}

+fTraf , (2)

where the tymbol “tr” denotes the trace of a
Mtrix (i.e., tho sum of its diagonal elemnnts).
The relationm (1) ●nd (2) follow from general
thaory and hold for ●rbitrary measurement erro:
atructurea (e.g., co and ~i naed not hava only
so-called ayat~ntic ●nd random ●rror components),
arbitrary cqllng mechanisms (e.g., L’ need not
correspond to ● simpko stratification), and so on
(a.g., str~ca need not consist of homogeneous
iteme).

When inspection during different periods 1s
carried out lndop~ndcntly, tha covariancu nutrix
of tho WF-D val~os from accounting perioda j and
k isb

cov [(NUF-D)j,(FILIF-D)k] = cov [MUF(i)j,MUF(i)k]

(ifjik+lork -1)

= cov [MUF(i)j,fI’UF( i)kl

[
- f(BI)TI,(l) f(BI)]k

- [tr l,(B, )[O(B&

- [tr lS(BI)li(BI)lk

(ifj=k -1) ,



and HIJF(i)j is the MUF that would be computed by
the inupectorate in period j were there to be 100Z
inspection. Separate covariance expressions are
needdd for connective and nonconsecutive perioda
because inspection of one period’s ●riding inven-
tory constitutes inspection of the next period’s
beginning inventory. Given the covariance struc-
ture of the flUF-D valuec, sequential testing can
be pursued somewhat similarly to that for sequen-
tial HLIF.

Iv. IHPLICAIIOMS OF u(~) AND u(FKIF-D) REWLTS

TM variance attached to tha facility’s MUF
is typically dominated by uncertainties in batch
concentration, which propagate through the con-
tents of many individual items per concentration
masuremnt. Because output transfers are based
on pin measurements (assemblies are not measured
directly by the facility), LEMUF is ks?t mall,
though perhaps at a cost uf sensitivity against
an insider, who could conceivably replace pins
after the final measurernnt for accoun~ability
has been rode.

Decomposition of the variance of MUF-D, Eq.

(2), haa a variety of implication. Consider each
term separately. me first term, ar Ii z, is the
variance of tho inspectorate’s fllJF if there was
to be 100~ inspection. This quantity is the mini-
mum ●chievable varianca for MUF-D.

The second term in the decomposition of
[U(flUF-D)]2, (tr I~Io + tr SmIi} involvas the
sampling plan through the matrix X,. This term
represents a penalty arising from the inability
to carry out 100% inspection. Oversimplifying
.i:mewhat, the inapectorate’s use of th~ D ska-
:.atic amountm to extrapolating reaultm from ‘.n-
opactad items to the unlnspectec! onaa. When sam-
ple sises are limited, the extrapolation ia con-
siderable ●nd carries with it ● large uncertainty.
So-called systematic measurement ● rrors conmwm
throughout a sampled category do not contribute to
[him term--their effect is included in the firet
term, ST ri s--and increasing @ample size does not
mitigato their influmce. Generally apeakirig, the
effect of the -econd term on u(MJF-D) is to ra-
quiro ●fficient sampling plans to put more effort,
ali othar things @qual, in?o items measured with
largo random ●rrors.

Reduction in (tr ~a~o + tr Isri} ●a a func-
tion of sample size follow ● diminiuhins returns
iaw. Increaain~ ~ample sizes beyond a certain
point gains littio in sensitivity ●gain-t OMIL
falsification amunts. This diminishing returns
phenomenon leads to lnsencltivity of u(MLIF-D) when
inspection reoourceo are plentiful,

Tha third tmrm of u(MUF-D), fT ~0 f, reflects
tho interaction of the falsified values with the
lnapectorate’n aampllng, When there ●re no falni-
fled values, f la zero and this tarm diaappearm.
Dependence of fT t, f on the unknown falsification
scenario meant that COIW scenarios ●re less da-
tectabla than others with the same total falelfi-
cation.

Efficient inspection involves using re~ources
wisely. A formal epproach to this subject in-
volves using a fixed criterion, such as u(,!flJF-D),
as the basis for determination of sample sizes.
That is, sample sizes can be determined to mini-
mize o(MIJF-D) subject “o available re90urce9.
Variations on this theme, such an incorporating
costs to the facility as well as coste to the ln-
spectorate in measuring the overall cost of a sam-
pling regime, can be considered. Intrusion into
process areas, for ezample, may be ~ostly. Also,
sampling plans involving clustering (as in so-
called randomized inspectionsll) could be consid-
ered. For the SAF-line, o(MUF-D) is relatively
f~.at in the neighborhood of the optimal sampling
plan, so that sample sizes close to the optimal
ones provide nearly the same level of performance.

A substantial literature ●xists on sequential
testiag of MUF values. Sequential testing of
flUF-D has received little attention. Given the
covariance structure for the MUF-D sequence, se-
quential teste can be pursued in the samN spirit
as in the $equential WF case. That is, the se-
quence of innovations (analogous to the ITMUF
sequence or sequence of MUF residuals) can be
computed fcr MLIF-D values. The 9- test proce-
dures, such ●s Pagere test, are applicable and
have been conaideredb in a systems study environ-
ment. Sensitivity is comparatively poor when
a(MUF-D) valuas are large.

v. CONCLUDI* RMAIUS

Safeguards issues for the SAF-lin@ are appli-
cable to almost any of the f40X fual fabrication
llnas now in operation, especially those with ●

fully or partially autouwted fabrication and meas-

urement capability. The unique aspacts of our
f’tudies of MOX facility material~ accounting ●re
,1) recognition of wide-spread industrial prac-
tices in which a limited numbar of quality assur-

ance maasuremante are used for facility account-
(lncy ●nd (2) consideration of tha International
Atomic Energy Agency’s (IAEA’s) need to optimize
inspection resources. Assuming IAEA’s acco~~da-
tion of facility-specific limitations, our analy-
sis concluded that accountability based on a fa-
cility’s unfalsifled measurement data allows for
excellent short-term ●nd long-term sensitivity
against material leas. Short-term senaltivity
against ,material data falsification is more mod-
●st.

Ideally, a materials accounting fiystem for
a bulk nandllns facility under IAEA safeguards

should b-neflt plant operators ●nd the St~te
System ot Accounting for and Control of nuclear
rna:erials, uhlle minimizing disruptions to the
plant’s main functions. Some of the approaches
CO these problems would include the followins:

. Designing a materials accounting system con-
sidering the safegtirds and verification
objectives of the facility, the state, and
the IAEA;



● Designing facility features, such as con-
cainer sizing, combinin8 and splitting of
material in process lines, etc. , chat allow
tracking of all nuclear material flows wi:hin
the facility;

5.
c Through CL:ltrOLl@id eXperiIIWfItS, developing

estimation mdela for difficult-to-measure
quantities, such as process holdup;

“ Developing software for materials accounting
with the ability to automatically 8cconmo-
date eccentrici~iea r.f process and facility
operations on a near-real-time basi~--eccen-
triclties such as large static inventories,
frequent decay correction, and liberal use
of calculated (WI directly measured) aMte-
rial amo~t~; afld

● Establishing achievable verificat~on goala.

Although there are conflicting interests
uwng the functionaries, it is possible to design
L materials accounting system satisfying the needs

~f the facility, the state, and the IMA by inte-
~rmting the needs of the meteriala accounting sye-
:em and independent verification regime with plant
md process deaigna.
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